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FIELD  OF  INVENTION 

The  i n v e n t i o n   r e l a t e s   to  a m o r p h o u s   m e t a l   a l l o y  

c o m p o s i t i o n s   and ,   in  p a r t i c u l a r ,   the   c o m p o s i t i o n s   c o m -  

p r i s i n g   n i c k e l ,   a l u m i n u m ,   and  b o r o n   w h i c h   have  h i g h  

c r y s t a l l i z a t i o n   t e m p e r a t u r e s   and  h i g h   h a r d n e s s .  

DESCRIPTION  OF  THE  PRIOR  ART 

A m o r p h o u s   a l l o y s   which   c o n t a i n   s u b s t a n t i a l  

a m o u n t s   of  one  or  more  of  the   e l e m e n t s   f rom  the   g r o u p   o f  

i r o n ,   n i c k e l ,   c o b a l t ,   v a n a d i u m   and  c h r o m i u m ,   and  may  i n  

a d d i t i o n   c o n t a i n   l i m i t e d   a m o u n t s   of  a l u m i n u m ,   have  b e e n  

d e s c r i b e d   by  H.  S.  Chen  and  D.  E.  Po lk   in  U.S.   P a t e n t  

3 , 8 5 6 , 5 1 3 .   They  f o u n d   t h a t   t h e s e   a l l o y s   had  c r y s t a l l i -  

z a t i o n   t e m p e r a t u r e s   in  the   r a n g e   of  a b o u t   425°C  to  5 5 0 ° C  

and  had  h a r d n e s s   v a l u e s   b e t w e e n   a b o u t   600  and  a b o u t   7 5 0  

DPH  (Diamond   P y r a m i d   H a r d n e s s ) .  

R e c e n t   work  by  R.  Ray  and  S.  Kavesh   on  i r o n  

b o r o n   a l l o y s   has  p r o d u c e d   a m o r p h o u s   m a t e r i a l s   w i t h  

h a r d n e s s   v a l u e s   f rom  a b o u t   1 , 0 0 0   to   1 , 2 9 0   DPH,  and  w i t h  

c r y s t a l l i z a t i o n   t e m p e r a t u r e s   r a n g i n g   f rom  a b o u t   454°C  t o  

486°C.   Th i s   work  is  d e s c r i b e d   in  U.S.   P a t e n t   4 , 0 3 6 , 6 3 8 .  

SUMMARY  OF  THE  INVENTION 

I t   is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

a m o r p h o u s   a l l o y s   e x h i b i t i n g   h igh   h a r d n e s s .  

A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   is  to  p r o v i d e  

a m o r p h o u s   a l l o y s   w i t h   h igh   t h e r m a l   s t a b i l i t y .  

T h e s e   and  o t h e r   o b j e c t s   of  t he   i n v e n t i o n   w i l l  



become   a p p a r e n t   f rom  t h e   f o l l o w i n g   d e s c r i p t i o n   a n d  

c l a i m s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   h i g h   s t r e n g t h  

n i c k e l ,   a l u m i n u m ,   b o r o n   a l l o y s   which   a r e   s u b s t a n t i a l l y  

a m o r p h o u s .   The  r a t i o   of  t h e s e   t h r e e   c o n s t i t u e n t s   a r e  

m a i n t a i n e d   such   t h a t   when  the   o v e r a l l   c o m p o s i t i o n   i s  

p l o t t e d   on  a  t e r n a r y   p h a s e   d i a g r a m   in  a t o m i c   p e r c e n t  

n i c k e l ,   a t o m i c   p e r c e n t   a l u m i n u m   and  a t o m i c   p e r c e n t  

b o r o n ,   the   c o m p o s i t i o n s   a r e   w i t h i n   a  r e g i o n   r e p r e s e n t e d  

by  a  q u a d r i l a t e r a l   h a v i n g   i t s   c o r n e r s   a t   t he   p o i n t s  

d e f i n e d   b y :  

(1)  N i - 6 2 ,   B - 3 3 ,   A l - 5 ;  

(2)  N l - 7 3 ,   B - 2 2 ,   A l - 5 ;  

(3)  N i - 6 2 ,   B - 1 3 ,   A l - 2 5 ;   a n d  

(4)  N i - 5 2 ,   B - 2 3 ,   A l - 2 5 .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  F i g u r e   i s   a  t e r n a r y   p h a s e   d i a g r a m   i n  

a t o m i c   p e r c e n t   f o r   t he   s y s t e m   n i c k e l ,   a l u m i n u m   a n d  

b o r o n .   The  g l a s s - f o r m i n g   r e g i o n   of  t he   p r e s e n t  
i n v e n t i o n   is  shown  by  the   s h a d e d   q u a d r i l a t e r a l .  

BEST  MODES  OF  CARRYING  OUT  THE  INVENTION 

The  F i g u r e   i s   a  t e r n a r y   p h a s e   d i a g r a m   o f  

n i c k e l ,   a l u m i n u m   and  b o r o n   in  a t o m i c   p e r c e n t .   T h e  

s h a d e d   r e g i o n ,   w i t h i n   t he   t e r n a r y   d i a g r a m   h a v i n g   c o r n e r s  

a t   t he   i n d i c e s   (62 ,   33,  5 ) ,   ( 7 3 ,  2 2 ,  5 ) ,   ( 6 2 ,  1 3 ,  2 5 ) ,  

and  (52,   23,  2 5 ) ,   d e p i c t s   a  r e g i o n   of  c o m p o s i t i o n   o v e r  
w h i c h   a m o r p h o u s   s o l i d s   can  be  f o r m e d .   An  a l l o y   i s  

c o n s i d e r e d   to  be  an  a m o r p h o u s   s o l i d   when  t h e r e   is  n o  

a p p e a r a n c e   of  a  c r y s t a l l i n e   c h a r a c t e r   in  i t s   X - r a y  

d i f f r a c t i o n   p a t t e r n .  

The  a l l o y s   of  the   p r e s e n t   i n v e n t i o n   a r e   f o u n d  

to   have  a  m a r k e d   i n c r e a s e   in  h a r d n e s s   o v e r   t he   a l l o y s  

d e s c r i b e d   by  Chen  and  P o l k .   S i n c e   t e n s i l e   s t r e n g t h  

s c a l e s   w i t h   h a r d n e s s   f o r   m e t a l   g l a s s e s ,   t h i s   i n c r e a s e   i n  

h a r d n e s s   w i l l   p r o v i d e   a l l o y   w i t h   s u p e r i o r   u l t i m a t e  

t e n s i l e   s t r e n g t h .   L.  A.  D a v i s   r e p o r t s   in  S c r i p t a  

M e t a l l u r g i c a ,   Vol .   9,  pp.   4 3 1 - 4 3 6   ( 1 9 7 5 )   t h a t   t h e  

s e a l i n g   f a c t o r ,   h a r d n e s s / s t r e n g t h   r a t i o ,   f o r   m e t a l l i c  



g l a s s e s   is  a p p r o x i m a t e l y   3 . 2 .  

The  t h e r m a l   s t a b i l i t y   of  t h e s e   n i c k e l ,   a l u m i -  

num,  b o r o n   a m o r p h o u s   a l l o y s   is  c h a r a c t e r i z e d   by  t h e  

t i m e - t e m p e r a t u r e   t r a n s f o r m a t i o n   of  the   a l l o y s   and  c a n  

be  c h a r a c t e r i z e d   by  DTA  ( D i f f e r e n t i a l   T h e r m a l   A n a l y s i s ) .  

DTA  m e a s u r e m e n t s   a l l o w   the   c r y s t a l l i z a t i o n   t e m p e r a t u r e ,  

T  ,   to  be  a c c u r a t e l y   d e t e r m i n e d .   T h i s   is  a c c o m p l i s h e d  

by  h e a t i n g   an  a m o r p h o u s   a l l o y   at  a  s low  r a t e ,   a b o u t   2 0 ° C  

to   50°C  p e r   m i n u t e ,   and  n o t i n g   o v e r   wha t   l i m i t e d   t e m p e r -  

a t u r e   r a n g e   t h e r e   is  an  e v o l u t i o n   of  h e a t .   The  t h e r m a l  

s t a b i l i t y   of  a m o r p h o u s   a l l o y s   is  i m p o r t a n t   s i n c e ,   i f  

t h e y   a re   no t   t h e r m a l l y   s t a b l e ,   a  c o m p l e t e   or  p a r t i a l  

t r a n s f o r m a t i o n   f rom  the   g l a s s y   s t a t e   to  an  e q u i l i b r i u m  

or   m e t a s t a b l e   s t r u c t u r e   may  o c c u r   d u r i n g   s u b s e q u e n t  

p r o c e s s i n g   or  in  s e r v i c e .   As  w i t h   i n o r g a n i c   o x i d e  

g l a s s e s ,   such   t r a n s f o r m a t i o n s   d e g r a d e   p h y s i c a l   a n d  

m e c h a n i c a l   p r o p e r t i e s   such  as  c o r r o s i o n   r e s i s t a n c e ,  

t e n s i l e   s t r e n g t h ,   e t c .   The  t h e r m a l   s t a b i l i t y   of  t h e  

a l l o y s   of  the   p r e s e n t   i n v e n t i o n   a r e   g e n e r a l l y   g r e a t e r  

t h a n   t h o s e   of  the   h igh   s t r e n g t h   m a t e r i a l s   r e p o r t e d   by  

Ray  et   a l .  

T h e r e   a re   many  a p p l i c a t i o n s   w h i c h   r e q u i r e   t h e  

a l l o y   have  h igh   u l t i m a t e   t e n s i l e   s t r e n g t h   and  t h e r m a l  

s t a b i l i t y .   For  e x a m p l e ,   m e t a l   r i b b o n s   u sed   in  r a z o r  

b l a d e   a p p l i c a t i o n s   u s u a l l y   u n d e r g o   a  h e a t   t r e a t m e n t   a t  

a b o u t   370°C  f o r   a b o u t   30  min.   to  bond  an  a p p l i e d   c o a t -  

ing   of  p o l y t e t r a f l u o r o e t h y l e n e   to  the   m e t a l .   For  r a z o r  

b l a d e s ,   the   more  s t a i n l e s s   c h a r a c t e r   of  n i c k e l   b a s e  

a l l o y s   o v e r   the   i r o n   ba se   a l l o y s   of  Ray  e t   a l .   is  a l s o  

h i g h l y   d e s i r a b l e .  

EXAMPLES 

R a p i d   m e l t i n g   and  f a b r i c a t i o n   of  a m o r p h o u s  

r i b b o n   s t r i p   h a v i n g   u n i f o r m   w i d t h   and  t h i c k n e s s   made  

f rom  a l l o y   c o m p o s i t i o n s   of  the  p r e s e n t   i n v e n t i o n   was  

a c c o m p l i s h e d   u n d e r   vacuum.   The  vacuum  was  e m p l o y e d   t o  

m i n i m i z e   o x i d a t i o n   and  c o n t a m i n a t i o n   of  t he   a l l o y   d u r i n g  

m e l t i n g .   The  a l l o y   was  c a s t   o n t o   a  c o p p e r   c y l i n d e r  

wh ich   was  m o u n t e d   v e r t i c a l l y   on  a =  s h a f t   of  a  v a c u u m  



r o t a r y   f e e d   t h r o u g h   and  p l a c e d   in  a  s t a i n l e s s   s t e e l  

vacuum  c h a m b e r .   The  vacuum  c h a m b e r   was  a  c y l i n d e r ,  

f l a n g e d   at   two  e n d s   w i t h   two  s i d e   p o r t s ,   and  w a s  

c o n n e c t e d   to  a  d i f f u s i o n   pumping   s y s t e m .   The  c o p p e r  

c y l i n d e r   h a v i n g   a  d i a m e t e r   of  a b o u t   8  i n c h   ( 2 0 . 3 2   cm) 

was  r o t a t e d   by  a  v a r i a b l e   s p e e d   e l e c t r i c   m o t o r .   T h e  

c r u c i b l e   was  s u r r o u n d e d   by  an  i n d u c t i o n   c o i l   a s s e m b l y  

and  l o c a t e d   above   the   r o t a t i n g   c y l i n d e r .   An  i n d u c t i o n  

p o w e r   s u p p l y   was  u s e d   to   m e l t   the   a l l o y   c o n t a i n e d   in  a  

c r u c i b l e   made  of  f u s e d   q u a r t z ,   b o r o n   n i t r i d e ,   a l u m i n a ,  

z i r c o n i a ,   or  b e r y l l i a .   The  a m o r p h o u s   r i b b o n s   w e r e  

p r e p a r e d   by  m e l t i n g   t h e   a l l o y   in  a  s u i t a b l e   n o n - r e d u c i n g  

c r u c i b l e   and  i n j e c t i n g   the   m e l t   by  an  o v e r   p r e s s u r e   o f  

a r g o n   t h r o u g h   an  o r i t i c e   a t   the   b o t t o m   of  the   c r u c i b l e  

o n t o   the   s u r f a c e   of  t he   r o t a t i n g   c y l i n d e r .   The  r o t a -  

t i o n a l   s p e e d   e m p l o y e d   was  b e t w e e n   a b o u t   1500  to   2 0 0 0  

rpm.  The  m e l t i n g   and  c a s t i n g   was  c a r r i e d   o u t   in  a  

vacuum  where   the   p r e s s u r e   was  a b o u t   100  m i c r o m e t e r s ,   a n d  

an  i n e r t   gas  such   as  a r g o n   was  used   to  a d j u s t   t he   v a c u u m  

p r e s s u r e .  

U s i n g   the   vacuum  m e l t i n g   and  c a s t i n g   a p p a r a t u s  

d e s c r i b e d   a b o v e ,   a  n u m b e r   of  v a r i o u s   g l a s s - f o r m i n g  

n i c k e l ,   a l u m i n u m ,   b o r o n   a l l o y s   were  c h i l l   c a s t   as  c o n -  

t i n u o u s   r i b b o n s   h a v i n g   s u b s t a n t i a l l y   u n i f o r m   t h i c k n e s s  

and  w i d t h .   T y p i c a l l y ,   the   t h i c k n e s s   r a n g e d   f rom  0 . 0 0 1  

i n c h   ( 0 . 0 0 2 5   cm)  to   0 . 0 0 3   i n c h   ( 0 . 0 0 7 6   cm)  and  the   w i d t h  

r a n g e d   f rom  0 . 0 5   i n c h   ( 0 . 1 2 7   cm)  to  0 . 1 2   i n c h   ( 0 . 3 0 5   c m ) .  

The  r i b b o n s   were   c h e c k e d   by  X - r a y   d i f f r a c t i o n   and  DTA  t o  

d e t e r m i n e   i f   t h e y   were   a m o r p h o u s .   The  DPH  h a r d n e s s   w a s  

m e a s u r e d   by  the   D i a m o n d   P y r a m i d   t e c h n i q u e   u s i n g   a  

V i c k e r s - t y p e   i n d e n t e r   c o n s i s t i n g   of  a  d i a m o n d   in  t h e  

fo rm  of  a  s q u a r e - b a s e d   p y r a m i d   w i t h   i n c l i n a t i o n   a n g l e   o f  

136°  b e t w e e n   o p p o s i t e   f a c e s .  

A l l o y s   c a s t   in  f u l l y   g l a s s y   r i b b o n   form  by  t h e  

t e c h n i q u e   d e s c r i b e d   above   a r e   s u m m a r i z e d   in  t he   f o l l o w -  

ing  t a b l e .   The  c o m p o s i t i o n   of  t h e s e   a l l o y s   a re   i l l u s -  

t r a t e d   by  the   s q u a r e   symbo l   in  the   F i g u r e .  





1.  An  a m o r p h o u s   n i c k e l - b a s e   a l l o y   c o n t a i n i n g  

a l u m i n u m   and  b o r o n ,   the   a l l o y   c o n s i s t i n g   e s s e n t i a l l y   o f  

a  c o m p o s i t i o n   w h i c h ,   when  p l o t t e d   on  a  t e r n a r y   p h a s e  

d i a g r a m   in  a t o m i c   p e r c e n t   Ni,   a t o m i c   p e r c e n t   Al  a n d  

a t o m i c   p e r c e n t   B,  is  r e p r e s e n t e d   by  a  q u a d r i l a t e r a l  

r e g i o n   h a v i n g   at   i t s   c o r n e r s   the   p o i n t s   d e f i n e d   b y :  

(1)  N i - 6 2 ,   B - 3 3 ,   A l - 5 ;  

(2)  N i - 7 3 ,   B - 2 2 ,   A l - 5 ;  

(3)  N i - 6 2 ,   B - 1 3 ,   A l - 2 5 ;   a n d  

(4)  N i - 5 2 ,   B - 2 3 ,   A l - 2 5 .  

2.  The  a l l o y   of  c l a i m   1  w h e r e i n   s a i d   r e g i o n  

is   r e p r e s e n t e d   by  the   e q u a t i o n   N i a B b A l c   whe re   a,  b  a n d   c  

a r e   a t o m i c   p e r c e n t   and  have  the   f o l l o w i n g   r a n g e s   o f  

v a l u e s :   . 

a n d  

w i t h   the   p r o v i s o   t h a t   a  +  b  +   c  =  1 0 0 .  

3.  The  a l l o y   of  c l a i m   2  w h e r e i n   s a i d   a l l o y  

is   s e l e c t e d   f rom  t h e   g r o u p   of  c o m p o s i t i o n s   N i 6 2 B 3 3 A l 5 ,  

N i 7 3 B 2 2 A l 5 ,   N i 6 2 B 1 3 A l 5 ,   and  N i 5 2 B 2 3 A l 2 5 .  
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